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232a Monday, February 27, 2012ligand binding affinity of integrins is central to cell migration, extracellular ma-
trix assembly, immune response, and hemostasis. Much of the current thought
on the mechanism of integrin activation is inferred from crystal structures of the
b3 integrin ectodomains. All of these structures show the receptor to adopt
a ‘‘bent’’ conformation, where the headpiece containing the ligand binding
site is pointed in the same direction as the tail.
Our results provide direct structural evidence that both the ‘‘on’’ and ‘‘off’’
forms of integrin aIIbb3 are distributed across multiple conformations, ranging
from a compact nodule to a fully upright stance. The experimental system em-
ployed provides the means to examine the structure of full-length receptors in
the presence or absence of their activators and thus does not rely on the ‘‘com-
putational ligation’’ of independently determined structures of extracellular
face and cytoplasmic domains. Here, in this study we identify the density asso-
ciated with a cytoplasmic activator (talin) juxtaposed with the membrane where
it associates with the C-terminal region of integrin while embedded in the mem-
brane. Consequently, here we show that integrin extension does not equate to
activation of ligand binding function and thus extension is not synonymous
with activation, nor is the activation state of the integrin correlated with any
particular global conformation.
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Structural Analysis of a Membrane Protein by Small Angle X Ray Scatter-
ing : The Example of the Aquaporin 0
Alice Berthaud.
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Membrane proteins are involved in many biological processes and allow for ex-
ample the transport of small solutes, ions or water across the lipidic membrane.
Membrane proteins are also the target of many therapeutic agents. Despite this
importance, the number of atomic structure of membrane proteins is very low
compared to soluble proteins. In the present work, we propose to use Small An-
gle X rays Scattering (SAXS) applied to membrane proteins in order to monitor
the conformational changes of membrane proteins. SAXS technique is very
powerful and has been widely used to obtain structural information of soluble
proteins.
In the case of membrane proteins, the presence of detergent in solution but also
around the protein greatly complicates the analysis of scattering curves.
Accordingly, obtaining structural information of membrane proteins was up
to now quite complicated.
In the present work, we propose a new methodology to model the organization
of detergents around the membrane protein using data from SAXS. Our exper-
iments were performed at the synchrotron SOLEIL SWING beamline. The
main advantage of this beamline is that just prior to the SAXS experiment,
the sample is passed through a network connecting chromatography column
and a refractometer.
Using the membrane protein aquaporin-0 as a model system, we successfully
managed to model the SAXS curves allowing us to accurately determine the
arrangement of detergent molecules around the aquaporin-0.
The ability to model the organization of detergents around membrane proteins
opens the route for studies of their conformational changes.
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Recent developments in mass spectrometry have allowed membrane proteins in
complex with detergent micelles to be studied in the gas phase - previously
thought only possible for soluble proteins. This development paves the way
for future studies of membrane protein stability, structure and oligomerisation.
The gas phase environment is very different to that of a cell membrane, and
questions have been raised over the conformation of proteins in the gas phase.
Molecular dynamics (MD) simulations have been used extensively to explore
the evolution of gas phase structures of soluble proteins, with some evidence
that the native state may be stabilised in vacuum (although the timescale of
this stability remains unclear). However, membrane protein-detergent com-
plexes have been less well studied by simulations.
We have used a combination of non-equilibrium and equilibrium MD
simulations to elucidate some of the processes that occur during transition of
a protein-detergent complex from aqueous solution to vacuum (thus mimicking
electrospray ionisation). We compare two membrane protein architectures (an
a-helical bundle vs a b-barrel) and different detergents with respect to protein-
detergent complex dynamics and stability.1171-Plat
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The factors that affect packing of Transmembrane (TM) helices are vast. Pre-
vious research studying packing focused on the role of direct helical interac-
tions but ignored the role of the membrane. Studies typically rely on a single
configuration snapshot (e.g. X-ray crystallographic structure) and address fac-
tors that affect only the minimal energy structure such as specific side-chain
interactions. In previous work (1) we have showed that the membrane has
profound effects on the interactions between proteins. In this work we study
the effect of the membrane on the packing of model TM helices and show
that closed packing and crossing angle distribution are largely affected by
the presence of the lipid surroundings as well as by the helical geometry.
We study a vast range of hydrophobic mismatches and show that the role
of the membrane is in ensuring a tilted configuration as well as in minimizing
the area of disturbed lipids around the helix pair. These driving forces com-
bine together to create a mismatch-specific cross-angle distribution that re-
produces the qualitative features of the naturally occurring helical cross-
angle distribution. Specific interactions are not essential for obtaining an en-
semble of configurations with tightly packed crossed helix pairs. We study
those effects using a coarse grained model with Dissipative Particle Dynam-
ics (DPD) (2).
(1) FJM de-Meyer, M Venturoli, B Smit; Biophys J, 95 (2008) 1851-1865.
(2) FJM de-Meyer, A Benjamini, JM Rodgers, Y Misteli, B Smit; JPC B 114
(2010) 10451-10461.
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Conformational fluctuations of helical membrane proteins among active-
inactive conformations are crucial for their functions. Not only the amino
acid sequence of the protein but also the composition of surrounding lipids
should significantly affect the fluctuation, although the fundamental principles
are mostly unknown. Experimental systems using model transmembrane heli-
ces and lipid bilayers have been proposed to be useful for direct measurements
of elementary processes that determine the folding and conformational change
of membrane proteins, such as insertion of the helix into lipid bilayers and
helix-helix interaction in the bilayers. Here we show that real-time detection
of self-association and dissociation of the transmembrane helix (AALALAA)
3 is possible by single molecule FRET detection using the Cy3B- and Cy5-
labeled helices incorporated into large unilamellar vesicles (LUVs, diameter
~100 nm) composed of POPC. The LUVs were fixed on a glass surface via
biotin-avidin interaction and observed under a total internal reflection fluores-
cence microscope. After simultaneous observation of Cy3B and Cy5 fluores-
cence with 10-20-ms time resolution, LUVs that had incorporated only one
Cy3B- and one Cy5- labeled helices were selected based on the number of
photobleaching steps, and single-molecular FRET from Cy3B to Cy5 was
analyzed. FRET time course revealed that the helices fluctuate between
monomer and dimer with a time scale of subseconds in the presence of choles-
terol in the LUVs. The above experimental system will be useful for measure-
ment of kinetics of helix-helix interactions in membranes with various lipid
compositions.
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The oligomerization of G-protein coupled receptors, GPCRs, has in many cases
shown to be important for transmembrane protein structure and function [1,2],
however achieving quantitative parameters describing the process that governs
oligomerization is difficult. Traditionally oligomerization is quantified by pre-
paring distinct samples that carry different concentrations and by monitoring
bulk spectroscopic signals e.g FRET efficiencies [3], still the limited amount
of samples does not allow very accurate determination of the experimental
parameters.
Here we developed a nanoscale assay [4,5] that allows a highly accurate quan-
tification of the interaction forces between transmembrane molecules. As
Monday, February 27, 2012 233aa proof of concept we focused on the prototypical human b2-adrenergic recep-
tor, b2AR, reconstituted in lipid vesicles. Our approach allowed us to extract
the dimerization equilibrium constant of the b2AR to be 4 5 0.2 KbT.
[1] Bouvier, M. Oligomerization of G-protein-coupled transmitter receptors.
Nat Rev Neurosci 2, 274-286 (2001).
[2] Smith, N.J. & Milligan, G. Allostery at G protein-coupled receptor homo-
and heteromers: uncharted pharmacological landscapes. Pharmacol Rev 62,
701-725 (2010).
[3] Fung, J.J. et al. Ligand-regulated oligomerization of beta(2)-adrenoceptors
in a model lipid bilayer. EMBO J 28, 3315-3328 (2009).
[4] Stamou, D. et al. Amphipathic motifs in BAR domains are essential for
membrane curvature sensing. Embo Journal 28, 3303-3314 (2009).
[5] Stamou, D. et al. How curved membranes recruit amphipathic helices and
protein anchoring motifs. Nature Chemical Biology 5, 835-841 (2009).Symposium: Chromosome Architecture
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We previously showed that the transcription profile of the E. coli chromosome
is dictated by its structure. We proposed that the chromosome has defined struc-
tures which change the transcriptability of the constituent promoters. We are
exploring to understand the structure of the E. coli chromosome by a variety
of approaches.
HU, an abundant highly conserved chromosome-associated protein in E. coli,
has been implicated to play an architectural role in the chromosome, and to con-
strain supercoils in DNA. We will discuss the contribution of HU in chromo-
somal structure and, as a result, in global gene expression. We will also
describe RNA molecules that bind to HU, and a potential role of the RNA/
HU complexes in chromosome compaction.
In addition, we performed chromosome conformation analysis, and discovered
that GalR, a regulon specific repressor, connects distal segments of the chromo-
some by GalR-GalR interactions. We believe this network formation organizes
the chromosome in space, thereby contributing to chromosome compaction.
This is the first evidence that a transcription factor participates in folding the
chromosome into a 3-D structure.
1175-Symp
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The majority of eukaryotic genes and some prokaryotic genes are positively
regulated by activator-binding DNA sequences (enhancers) that can efficiently
communicate and directly interact with their targets (promoters) over extended
regions of spacer DNA organized into chromatin structure (see (1) for a review).
The mechanisms for mediating enhancer-promoter interaction in chromatin
include tracking and looping models.
Previously we have shown that DNA supercoiling greatly facilitates EPC over
a large distance (2-4). Our studies have also suggested that chromatin structure
per se can support highly efficient communication over a distance by a looping
mechanism and functionally mimic the supercoiled state characteristic for pro-
karyotic DNA (5). However, the mechanisms allowing efficient communica-
tion in chromatin remain unknown.
More recently, we have established defined polynucleosomal chromatin tem-
plates allowing quantitative analysis of the rate of distant EPC and have iden-
tified components of the system and protein factors that strongly affect the rate
of communication in chromatin. These studies will be presented at the meeting.
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Often, molecular machines orchestrating distinct types of DNA repair share mo-
tor components known as DNA helicases, ubiquitous vectorial enzymes that use
chemical energy of ATP to translocate directionally on the DNA, transiently un-
wind duplex DNA or remodel protein-nucleic acid complexes. Participation in
different pathways may require a helicase to switch between different activities
(for example, between being a bona fide helicase versus a DNA translocase that
dismantles protein-nucleic acid complexes), to down- or up-regulate its proces-
sivity or to recognize a different substrate. Activity switching in DNA repair en-
zymes is often controlled by reversible post-translationalmodifications.Addition
or removal of these modifications may rapidly activate or inactivate one or sev-
eral activities of a target helicase or may alter its molecular interactions.
To address the role of post-translational modification and specific interactions
in directing a helicase to a particular genome maintenance event, we developed
an experimental system we refer to as single-molecule sorting. This single-
molecule total internal reflection microscopy (TIRFM) approach discriminates
between subpopulations of differentially modified enzymes and correlates the
presence of each modification to the biochemical function and therefore to
the biological role of a particular helicase. Application of single-molecule sort-
ing to deciphering the molecular basis of pro- and anti-recombinogenic activity
of human DNA repair helicase Fbh1 and its regulation will be discussed.
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Cell size varies widely among different organisms as well as within the same
organism in different tissue types and during development, placing variable
functional demands on internal structures. A fundamental question is how es-
sential subcellular components such as the nucleus, mitotic spindle and chro-
mosomes are regulated to accommodate cell size differences. Xenopus frogs
offer two physiological contexts in which we can investigate this question.
First, we can compare Xenopus laevis to the smaller, related species Xenopus
tropicalis, which lays smaller eggs and has proportionally smaller cells
throughout development. Second, we can compare different stages of Xenopus
laevis embryogenesis, as the ~1 millimeter diameter egg rapidly cleaves to
form smaller blastomeres, which by the 15th division are reduced to 40 microns
across. A unique aspect of our approach is to prepare cytoplasmic extracts from
eggs and embryos that recapitulate organelle scaling in vitro, which we can use
to identify molecular differences that underlie size changes. We identified two
factors, importin a and Ntf2, whose levels alter nuclear import and are largely
responsible for the difference in nuclear size between the two frog species.
With respect to spindle size regulation, based on predictions from a 2-Dmeiotic
spindle simulation, we identified katanin-dependent MT severing as an activity
reduced in X. laevis compared X. tropicalis. Interestingly, X. tropicalis lacks an
inhibitory Aurora B phosphorylation site in the p60 catalytic subunit of katanin
found in X. laevis at Ser131, which is largely responsible for the difference in
spindle length. Mitotic chromosomes must also decrease in size to permit their
proper segregation in smaller cells. We have established an in vitro system that
recapitulates chromosome scaling during development, and are now poised to
elucidate the underlying molecular mechanisms.Symposium: Stretching and Bending Lipid
Membranes
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Because of the large energy, thermal activation is needed to open nanopores in
membranes yet activation energy can change significantly with tension. Al-
though models exist describing the impact of tension, experiments have failed
to cover the ranges of tension and pore nucleation rate required to examine the-
ories. Hence, a micromechanical method was established to assay rates at
which unstable nanopores form in giant single-bilayer vesicles in relation to
